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(54) SHAPE MEMORY MONORLAMENT AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To provide a shape-memory monofilament having excellent shape- memory property and high strength 
and provide a process for efficiently producing the shape-memory monofilament having the above characteristics 
without causing the problems such as foaming in the spinning and drawing steps. 

CONSTITUTION: This shape-memory monofilament has a diameter of 0.05-1. 00-mm. a tensile strength of >1.5g/d 
and a, shape-memory recovery of >70% and is produced by melt-spinning a polyurethane composition having a glass 
transition point of -30 to +70° C and a melt-viscosity of < 10,000 poise at 200° C and drawing the spun fiber. The 
shape-memory monofilament can be produced by preparing a polyurethane composition having a glass transition 
point of -30 to +70° C and a melt-viscosity of < 10,000 poise at 200° C, drying the composition at 70-95° C to 
reduce the water content to <Q.01%, immediately spinning by melt-extrusion at 1 70-210° C, quenching the 
extruded fiber in a water bath of <35° C and drawing the fiber. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The shape memory nature monofilament to which a glass transition point is the monofilament whose melt 
viscosity in -30 degrees C - 70 degrees C and 200 degrees C is melt spinning, and whose diameter which it comes 
to extend is 0.05mm - 1.00mm about a polyurethane system constituent 10000poise or less, and tensile strength is 
characterized by 1 .5g [d ] /or more and the shape memory recovery having 70% or more of property. 
[Claim 2] Melt viscosity [ in / in a glass transition point / -30 degrees C - 70 degrees C and 200 degrees C ] a 
polyurethane system constituent lOOOOpoise or less Immediately after drying in a 70 degrees C - 95 degrees C 
temperature requirement and making the content moisture regain 0.01% or less, melting extrusion spinning is carried 
out in a 170 degrees C - 210 degrees C temperature requirement. The manufacture approach of a shape memory 
nature monofilament that 35 degrees C or less are bathing themselves, cool, the diameter characterized by 
subsequently extending spinning yarn has [ 1.5 or more g/d and the shape memory recovery ] 0.05mm - 1.00mm, 
and tensile strength has 70% or more of property. 

[Claim 3] The manufacture approach of the shape memory nature monofilament according to claim 2 characterized 
by drying a polyurethane system constituent under the degree of vacuum of -755 or more mmHgs. 
[Claim 4] The manufacture approach of the shape memory nature monofilament according to claim 2 or 3 
characterized by performing the process from desiccation of a polyurethane system constituent to melt spinning to 
the bottom of an inert gas ambient atmosphere. 

[Claim 5] The manufacture approach of the shape memory nature monofilament according to claim 2, 3, or 4 
characterized by extending spinning yam in two steps or multistage in the 20 degrees C - 100 degrees C extension 
ambient atmosphere of the range, and making comprehensive draw magnification with 4.0 to 8.0 times. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is a thing about the synthetic-resin shape memory nature monofilament which 
consists of a polyurethane system constituent and which was excellent in shape memory nature, and its 
manufacture approach. In more detail When it is made to deform into a free configuration in the temperature region 
below a glass transition point and is made the temperature region more than a glass transition point by the 
temperature rise It is made to deform into the property recovered in the configuration before deformation, or a 
configuration free in the temperature region more than a glass transition point The property which will be recovered 
in the original configuration if a temperature up is again carried out more than a glass transition point when it cools 
below to a glass transition point in the condition as it is and deformation is fixed, i.e., outstanding shape memory 
nature, It is related with the approach of manufacturing efficiently the synthetic-resin monofilament which has high 
intensity, and this monofilament. 
[0002] 

[Description of the Prior Art] In the application which makes the start tip functionality industry which utilized the 
shape memory engine performance, although the bimetal which generally has a thermo-sensor-function was used, 
this bimetal had problems, like the deformation to a temperature change is small. 

[0003] Moreover, the monofilament made of synthetic resin which fills such a shape memory property and a function 
is not yet developed. Although shape memory alloys, such as a Ti Ni alloy, a Cu-Cd alloy, a Cu-aluminum-nickel 
alloy, a Cu-Au-Zn alloy, a Cu-Zn-X (X is any one of Si, Sn, aluminum, and the Ga(s)) alloy, and a nickel-aluminum 
alloy, are mainly used for the application of a fibrous gestalt Since these shape memory alloys were expensive, the 
use range could not but become what was restricted remarkably. 

[0004] On the other hand, in recent years, as an ingredient with shape memory engine performance other than 
bimetal or a shape memory alloy, synthetic resin, such as Nippon Zeon poly norbornene, the Kuraray transformer -1, 
4-polyisoprene, the Asahi Chemical Industry styrene butadiene copolymer, and Mitsubishi Heavy Industries 
polyurethane, is developed, and a commercial scene is provided with the shape memory nature mold goods which 
consist of these synthetic resin. 

[0005] moreover — recently — the ground of polyester, nylon, cotton, silk, etc. — the ground which coats the 
above-mentioned shape memory nature synthetic resin to a front face — by processing Although sport garments 
thru/or casual apparel, etc. which controlled the evaporation of sweat, cold, a mask for pollen which sewed in the 
resin mold goods which have shape memory nature to the aforementioned ground, etc. are carried by the newspaper 
etc. Each of these does not give shape memory nature by post processing, and shape memory nature is not 
necessarily in a raw Chimoto object. 

[0006] However, about the manufacturing technology of the monofilament which consists of shape memory nature 
resin mentioned above, the" actual condition is not yet established. 

[0007] That is, since the monofilament which consists of the above-mentioned shape memory nature resin tends to 
produce faults, such as foaming, a physical-properties fall, and appearance change, at the time of this spinning 
extension when monofilament-izing the above-mentioned polyurethane resin constituent by the usual melt spinning 
and the extending method, for example although it is a very promising ingredient in order to use it for an industrial 
way, it cannot obtain the monofilament which shape memory nature and reinforcement were balanced and was 
excellent. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is attained as a result of considering solution of the 
trouble in the conventional technique mentioned above as a technical problem. 

[0009] Therefore, the purpose of this invention is to offer the approach of manufacturing efficiently the shape 
memory nature monofilament which has a shape memory nature monofilament with high reinforcement, and this 
property, without producing faults, such as foaming, at the time of spinning extension while having the outstanding 
shape memory nature. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it is the monofilament whose melt 
viscosity [ in / monofilament / of this invention / shape memory nature / in a glass transition point / -30 degrees C 
- 70 degrees C and 200 degrees C ] is melt spinning and whose diameter which it comes to extend is 0.05mm - 
1.00mm about a polyurethane system constituent 10000poise or less, and tensile strength is characterized by 1.5 or 
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more g/d and the shape memory recovery having 70% or more of property. 

[001 1] Moreover, the manufacture approach of the shape memory nature monofilament of this invention Melt 
viscosity [ in / in a glass transition point / -30 degrees C - 70 degrees C and 200 degrees C ] a polyurethane 
system constituent 10000poise or less Immediately after drying in a 70 degrees C - 95 degrees C temperature 
requirement and making the content moisture regain 0.01% or less, melting extrusion spinning is carried out in a 170 
degrees C - 210 degrees C temperature requirement 35 degrees C or less are bathing themselveses, and spinning 
yarn is cooled, it is characterized by subsequently extending, and according to this approach, the monofilament 
which has the above-mentioned property can be manufactured. 

[0012] First, the property of the shape memory nature monofilament of this invention is explained, and the 
manufacture approach of this monofilament is explained below. 

[0013] The shape memory nature monofilament of this invention has the outstanding property of [ tensile strength ] 
70% or more in 1.5 or more g/d and the shape memory recovery in the range whose diameter is 0.05mm - 1.00mm. 
[0014] The property of the shape memory nature resin described as the shape memory nature as used in the field of 
this invention below is utilized as it is. 

[0015] That is, the chain which micro Brownian motion was frozen and carried out orientation when it could deform 
easily when molecular motion was restrained by carrying out partial crystallization of the chain although micro 
Brownian motion of a chain is performed above a glass transition point, an elastic modulus falls in a temperature rise 
and it results in flow initiation soon, rubber elasticity was shown and external force was applied in this condition, and 
it carried out to below the glass transition point as it is is fixed, and deformation is also fixed to coincidence. 
[0016] In addition, although the configuration fixed when keeping temperature as it is permanent is not recovered 
eternally, either, if it carries out again more than a glass transition point, micro Brownian motion will be started, the 
orientation of a chain is solved, and it recovers in the original configuration. 

[0017] Moreover, as for a shape-memory resin, 1/100 or more rapid elastic-modulus falls are looked at by the ** 
paddle in a glass transition point at discontinuity. Since it also has the elastic storage nature which 15 - 20% of 
strain recovers completely by initiation of the micro Brownian motion of a molecule by the 1 0-20-degree C rise over 
a glass transition point, Permanent deformation seems not to remain, even if it carries out unloading after only 
seeing change of some elastic modulus in connection with a temperature rise and giving the deformation to a plastic 
region like the usual ingredient. 

[0018] Since the monofilament body has the above-mentioned shape memory nature and can moreover control 
configuration return temperature (glass transition point) broadly, the shape memory nature monofilament of this 
invention can expand the application sharply. 

[0019] Moreover, in the industrial application which can carry out direct use of the engine performance, since the 
color tone is transparent and colorless, the shape memory nature monofilament of this invention can perform freely 
dyeing and finishing, kn'itting-and-weaving finish, etc. according to an application. 

[0020] Furthermore, its shape recovery deflection is as large as a maximum of 400%, its consistency is as lightweight 
as about 1.1-1.2, and since the shape memory nature monofilament of this invention is moreover or less about 1 / 
10, and the low cost of a shape memory alloy, cheap supply is possible for it. 

[0021] In addition, the tensile strength as used in the field of this invention is JIS. L It is the value which **(ed) 
tensile strength measured according to the convention of 1013-1981 with conditioned-weight fineness. 
[0022] Moreover, after making into the coiled form of fixed length the sample cut into die-length L, carrying out a 
fixed time amount heating set at the temperature more than a glass transition point and carrying out a primary 
storage set to the shape memory recovery as used in the field of this invention, it cools naturally to the 
temperature below a glass transition point, and the die length L1 of a sample is measured. A coiled form sample is 
succeedingly lengthened in the shape of a rod, and the die length L2 of a sample is measured. Subsequently, it is the 
value which paid the rod-like sample into the ambient atmosphere more than a glass transition point, and the coiled 
form which carried out the primary storage set was made to recover a configuration, measured the die length L3 of 
a sample, and applied and asked the degree type for these measurement results. 
(L1-L2)/(L1-L)x100 (%). 

[0023] It is required for the range of the melt viscosity which there are an ether system and an ester system and 
can be set both 200 degrees C as a polyurethane system constituent used by this invention to be lOOOOpoise or 
less. A result with desirable use of the ester system polyurethane system constituent of the range of 3500- 
6000poise is especially given also in it. 

[0024] However, its hygroscopicity is high, and since a commercial polyurethane system constituent produces a fall 
and appearance change of physical properties when it is easy to produce foaming by moisture absorption and 
content moisture regain exceeds 0.03% in case it is melting extrusion spinning, they are requirements with important 
drying a polyurethane system constituent in this invention just before melt spinning and an extension process, and 
controlling the moisture regain in the specific range. 

[0025] That is, it is necessary to press down degradation by heat discoloration, and shape memory performance 
degradation as desiccation conditions in front of spinning, and to make content moisture regain 0.01% or less. 
[0026] For that purpose, 70 degrees C - 95 degrees C need to dry especially under the degree of vacuum of -755 
or more mmHgs in a 80 degrees C - 85 degrees C temperature requirement using a vacuum dryer preferably, and 
0.01% or less, it is necessary to adjust the content moisture regain of the polyurethane system constituent with 
which melt spinning and extension are presented so that it may become especially 0.008% or less. 
[0027] When the content moisture regain of the polyurethane system constituent with which melt spinning and 
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extension are presented exceeds 0.01% here, the inclination which still foams at the time of melt spinning is strong, 
and since the thread breakage, deformation, etc. are produced as a result at the time of extension and the 
monofilament of high intensity is not obtained, it is not desirable. 

[0028] Although the polyurethane system constituent dried as mentioned above is offered immediately subsequently 
to melting extrusion spinning, as for the process from desiccation to melting extrusion spinning, it is desirable for 
inert gas, such as nitrogen, to permute and to prevent contact to air. 

[0029] Although there is especially no limit in the melting extrusion from a spinneret and the approach of carrying 
out spinning, 1 70 degrees C - 210 degrees C of things which are about 230 degrees C or less of the decomposition 
foaming temperature of a polyurethane system constituent and which are performed especially in a 1 80-205-degree 
C temperature requirement are suitable for melting extrusion temperature. 

[0030] Subsequently. 25 degrees C or less are bathing themselves, and cooling solidification of the 35 degrees C or 
less especially of the lines of thread by which melt spinning was carried out is carried out If cooling temperature 
exceeds 35 degrees C here, since it becomes the inclination for the shape memory engine performance of the 
monofilament obtained to fall, it is not desirable. 

[0031] In addition, although the holding time of a line of thread until melting extrusion is carried out from a spinneret 
and it reaches the water bath of 35 degrees C or less is usually 2 or less seconds, it is suitable for it to set it 
especially as 0.3 or less seconds. 

[0032] 20 degrees C - 1 00 degrees C especially of obtained non-extended shape memory nature monofilaments are 
succeedingly extended in the 40-90-degree C extension ambient atmosphere of the range. 

[0033] and in order to obtain the shape memory nature monofilament which has high tensile strength especially It is 
necessary to perform two or more steps of multistage extensions, and, for that purpose, sets in the 20 degrees C - 
50 degrees C extension ambient atmosphere of the range. While performing primary extension of 2.5 or less times 
and performing multistage extension more than 3.5 times [ 1.0 times to ] as many secondary extension as this under 
10m a part for /-, and 400m rate for /into the 50 more degrees C - 100 degrees C extension ambient atmosphere 
of the range It is desirable to set up all draw magnification 5.0 to 7.0 times especially 4.0 or more times. 
[0034] It is difficult for extension ambient temperature to make all draw magnification 4.0 or more times at less than 
20 degrees C, and since the shape memory nature of the monofilament which will be obtained if extension ambient 
temperature exceeds 1 00 degrees C falls, it is not desirable. 

[0035] Since the tensile strength of the shape memory nature monofilament from which all draw magnification is 
obtained by less than 4.0 times falls, it is not desirable. 

[0036] Moreover, although the upper limit of all draw magnification cannot generally be ******(ed) with the level on 
the strength demanded in the purpose of using the shape memory nature monofilament obtained, it is usually 
restricted to about 8 times. 

[0037] Although extension is performed multistage [ two or more steps of ], 2-3 steps are usually enough. 
[0038] As an extension ambient atmosphere, an air bath, a warm water bath, a steam bath, etc. are used suitably. In 
this way, the shape memory nature monofilament of this invention obtained by the above-mentioned approach 
shows a big elastic-modulus change reversibly bordering on a glass transition point, and also has the elastic storage 
engine performance, for example, tensile strength is in the range of 1 .5 or more g/d also in the thin denier whose 
diameter is 0.10mm - 0.20mm, and the recovery of shape memory has the outstanding property of 70% or more. 
[0039] Therefore, the shape memory nature monofilament of this invention Various kinds of applications which 
employed the outstanding shape memory nature and high intensity efficiently, for example, pants, A coat a stocking, 
tights, a brassiere, lingerie, a shirt Bedding, such as garments, such as a blouse, bedding cotton, and bed sheets, 
and curtains It is suitable for medical-application ways, such as industrial ways, such as toys, such as hair of ** of 
filters, such as interiors, such as carpets, and an air filter, and a doll, a fishing net and various networks, a bag, an 
adhesive bandage, a mask, and a wig, etc. 
[0040] 

[Example] An example is given to below and this invention is explained further in full detail. 

[0041] The shape memory nature monofilament was manufactured on condition that the following using MM-3510 
(200 degree-C melt viscosity: 3500-6000) of examples 1 -5 and the polyurethane system shape memory polymer 
"diary" ester system by [examples 1-6 of comparison] Mitsubishi Heavy Industries. 

[0042] That is, it adjusted as it dried on the desiccation conditions shown in Table 1 under the degree of vacuum of 
-759 or more rnmHgs and the content moisture regain of each polymer was shown in Table 1 using the vacuum 
dryer, next — while nitrogen gas permutes — each desiccation polymer — immediately — 30mmphi extruder — s 
offering — the extrusion temperature of 180 degrees C - 200 degrees C — the melt spinning from the spinneret of 
1.7mm of apertures — carrying out — a mouthpiece — after being [ 20 degrees C / which was prepared in directly 
under ] under water bath and quenching, the line of thread was rolled round the rate for 65m/, and the non- 
extended shape memory nature monofilament was obtained. 

[0043] The result of having evaluated silk manufacture nature, a diameter, tensile strength, and the shape memory 
recovery is collectively shown in Table 1 about each shape memory monofilament obtained by extending about each 
obtained sheep extension shape memory nature monofilament on the extension conditions shown in Table 1, 
respectively. 

[0044] In addition, evaluation of silk manufacture nature was judged in accordance with the following criteria. 

O .... [ — It foams at the time of spinning, thread breakage occurs frequently, and silk manufacture is impossible. ] 

** with very good spinning nature and ductility .. x which a single-yam piece generates a little at the time of 
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extension A single-yam piece occurs frequently at the time of extension, and it is xx which cannot be extended 

[0045] 

[Table 1] 





2« 


0. 006 


mm 
.en 

CM 


mo 
.os 
cn 


8. 75 


in 

f-4 


X 


1 
1 
1 


i 

i 
i 


1 
1 
1 






vO 
O 
O 

o 


OLA 
CM 


oo 

.<N 

< 


o 

oo. 


o 


0 


cn 
d 


T-i 

O* 
CM 


00 

m 




to 


vO 
O 
O 

O 


.CO 
CM 


ino 
cn 


o 


iv 
in 


O 


in 
d 


Os 
CM 






X . 

s« 


sD 
O 
O 

O 


oin 

CM 


olcv 
.00 

m 


o 
vd 


tn 


o 


f"-l 

o 


CM 


o 

00 




s« 

s» 


sO 
O 
O 

O 


oin 

.CO 

eg 


LA 

r-in 

.00 

CM . 


in 
in 


cn 

CM 
*— 1 


o 


ts. 

d 


IS 

CN 


sO 
00 




op ft* 


sD 

o 
o 

d | 


Oin 

.en 
cm 


mo 
.00 
CM 


o 
in 


CM 


o 


00 

d 


CM 


*r 
00 






sO 

o 
o 

d 


.cn 
cm 


oin 

CM 


o 


O 
OS 


< 


CM 

d 


O 
SO 
» 


in 
oo 






sC 

o 
o 

d 


trio 

-CO 
CM 


1 1 
1 1 
1 1 


in 

CM 


in 


< 


CM 

<n 
d 


o 
00 

d 


o 

OS 




I 


o 1 
d 


1 1 
1 1 
1 1 


1 1 
1 1 

1 I 


1 
1 
I 


1 
1 
I 


X 
X 


1 

1 
1 


1 
1 
1 


\ 
1 

■1 






00 
CSI 

o 
d 


OLA 
CM 


• 

mo 

.00 
CM 


o 
m 


CM 
— e 


< 


00 

d 


o 
d 


o 

C7\ 




n« 


vO 

o 
o 

d 


1 1 
1 1 
1 1 


1 1 
1 1 
1 1 


. 1 
1 
! 


I 
1 
1 


o 


cn 
<n 

o 


CM 
00 

o 


vO 
Os 


| No, 

u 


« 

4* 




MP 

a™ 

r» 


« 

ill 


sr 


e 


at 


tea 


m 


ii 



2.0 or more g/d and the shape memory recovery have tensile strength in 70% or more of range, and the shape 
memory nature monofilament (examples 1-5) obtained by the approach of satisfying the conditions of this invention 
has the outstanding property so that clearly from the result of Table 1 . 

[0046] On the other hand, when not extending (example 1 of a comparison), the tensile strength of the monofilament 
obtained is low, when the polymer to which moisture regain exceeds 0.01% is used (example 2 of a comparison) and 



[JP, 08-144123, A] 



5/5 ^-v 



it is inferior to ductility, the tensile strength of the monofilament obtained is low, and when a non-dried polymer is 
used further (example 3 of a comparison), silk manufacture becomes impossible for foaming. 

[0047] Moreover, the tensile strength of the monofilament obtained when it is one step of extension and all draw 
magnification is less than 4.0 times (example 4 of a comparison) is low, and it becomes the inclination for thread 
breakage to occur frequently at the time of extension when the shape memory recovery of the monofilament 
obtained in the case (example 5 of a comparison) where extension temperature exceeds 100 degrees C falls and 
comprehensive draw magnification exceeds 8.0 further (example 6 of a comparison) 
[0048] 

[Effect of the Invention] As explained above, the shape memory nature monofilament of this invention is very useful 
for the application, especially the industrial application of the versatility which has the outstanding shape memory 
nature and high intensity, and employed these properties efficiently. 

[0049] Moreover, according to the approach of this invention, the shape memory nature monofilament which had the 
outstanding shape memory nature and high intensity can be manufactured efficiently, without producing faults, such 
as foaming, at the time of spinning extension. 



[Translation done.] 
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[0 0 0 6] L^Sd, ±aL3t»«tE«tt»IB^feft 
[0 0 0 7] iEJK^Effltttiaflg^&tt** 

[0 00 8] 

[0009] Lfc**o-<\ **w<^B»«t, tcnti 

>r 9 y x b *3 J: r co *H4 ft W-T 5 / ^ >r 

7^vh ft»*«#«rl-»»>i if O^Fft^ft 5l C ^> w t 

[0010] 

3 0 l C-7 0°C, 2 0 0tkl*5tf4»»«i« 
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#1 0 0 0 0 X£TF<0* !J ?U*>^Sj£4&£igjK 
5£#L-C#6ffl:S2S0. 05mm-l. 00mm 

OTy7r^^^fcot, 3i£5ftjsa*i. 5 g /d 

[ooiu *tz. ✓ 74 

o oncio^^ssittS^ iooo o *v xarcoiK u 

£ u* >-;£ffl#c#)£, 7 0^—9 SXXDiE&l&mX'&M 

U 0. 0 1 %£ATiCU/t&, 

IC1 7 0t-2 1 Ol2Wfi«l6fflT*»i¥H«**U-C, 

rti:«!SiLr^^ ci^ft^inri, ±e*>«h± 

[ooi 2 J Si*, *56Wo»ttffit8tt*/7-<7^> 

[0 0 13] **W©»ttK»tt*y 7-f5>yhtt, 
flS&asO. 0 5 mm- 1 . 0 0 mmO«6Bi^*5V^r . 51 

gnuev i - 5g/aw, vkewktc** 7 0 
[ooi4] **wcv^5»«E*ttfctt. Tiat-a^ 

[0 0 15] i-ftfofe. #9*«»;KEU:^tt4^«W> 
^p^7^IiW^ i^±#££t>*c3*«:^ 
ttlSTU ^^t»^^l:l^?l\ ^«*Sf|5»»Sfi 

£#7 *te»,&«Tfc-r 5 t Z 9 p 7^7 * 

[0 0 16] ft*3. -tcD^^coiaiEtSr^^ftTtfia^ 

[0017] &tc. mftft&Mm&tfy 

\**lcT^&mz 1/1 0 0K±coai»ttJW4*(£T^-Re> 
fu> if7 7««ffcCl 0-2 0 c C<D±#iC < toT 
S * n X^ £ ^iltb^ffl/ftlC £ K> 1 5 — 2 0 %£> 
t>-f **«JS±K Star* WttEtttt fejfcfefll x. T ^ Ztc 

[0018] *38MCOJK«ffitSt«fe*y 7^7^Ht 



[0019] ^ifloj&ftEiMfrev 7^ 

[0020] s&te. ^^toi^fd®tt^e/7>f 7^ 
>-HS, »2REasas**4 0 o%£*t < , 

1. 1-1. 2ir@ar-*>D, u*»t>»i*e««^«>tt 

1/1 0£*T£{£^* hT-fc5fc^ K«ft#l63ft5nr« 

[0 0 2 1 ] /<£*5, *3BWC^59IK3i«fcl*J I S 
L 10 13-1981 <nUfeizmCXfflj£Vtz?A'&%i 

[0 0 2 2] *»W^^JI5*tE11tt5£*kW:. 

U R»©SSL 1 &Stt£i-5o 5l«#=^^tt«0«« 

L3«r«!J3£U *4xbOJHS©B*fi:»:a:^fc-Ctt«>'r* 
(L1-L2) / (Ll-L) X100 (%) » 

[0023] *^K-ffl^6^y vvs^mu&tob u 

•Cfi. ^— ^£2 0 0^*5 

rt%&miii&& 10000^ xiur^«®H-e*>5 c t 

[0 0 24]* L*>>£ TtilgO/K U * U* 

tt»iBM** ■ Jt#XS«oiB*«c*5V^-c, 4fy^u*>^ 

[0 0 2 5] tt*kmv>«M4ktok u-cf*. «l 

^o^^Tk^^rO. 0 1 ^oiUTI-l-^^^^^c 
[0026] ^<o^«?ic^ »* L< ttK2S«fflk«Srfli 

^X. - 7 5 5minH g ^±<7}S^2£T^*5l^-C, 70t 

^/K^^^r 0 . 01 %i^T. 0 . 0 0 8 %£JLT(c4r 

[0027] ^ r -c, mm®& - temzm-rz># » * ^ 
z >*aja*o-&w*»*3fts 0.01 %sr*8^.i»*^ 
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10 0 2 8] ^(DXotZt&t&l,*:*!) *U*V*|Rjft 
[0 0 2 9] tS*P&a»k«»lfttiU t6*-rs*fl:-iw 

i**<o»»*i&iaftcDtt 2 3 oWTfes not- 

2 1 0*C, flrtC 1 8 0-2 0 5tOi6l®iXlT^^C 
[0 0 3 0] »«tt*Silrt:**f** ft^*C3 5ttJl 

[00 3 1 ] fc*5, tt*PA*»6*i8OTHl*Jx"C. 3 5 

[003 2] W&HfcScJttWJBttEfatt^ey -7^y*^ 

[0 0 3 3] ^LT, Wci«v^lBaiflESr*i-*»4KE 

i£tt*tTfc5#SMSfc!K *«>fc«>lCWL 2 Ot- 5 Ot 
^iSffltOjffi^iaa^lC^^T, 2. 5««TcO-&jffi 
#*rtffti\ ££>M5 ot- 1 0 otcofffiffl^Stf^ffi 
«ifi|c*5i^-c, i. ote-3. 5fe<n~ifcMto&.±v>g> 

SBtti, 1 0 m/#- 4 0 0 m/^cOigSTXrft^ 0 

[0034] tt#»fflftiue^ 2 ot*arc»±«#ff 

[003 5] ^SCttlff*^ 4 . 0 «*»-Cttt, #<b*t6 
[0 0 3 6] *7t, ^JSfll»*(0±|»rt. 

[0037] mm*^&±<n&fk'?ftt>tiz>&, mm 

[0 0 3 8] «#8IJ5tLtll S^8f. f&^TS^J; 

Affile: <t 9 ^bns^anfl^ttSBiBtt^y 74 



d*0. 1 0 mm— 0. 2 0mm^7^-M:^K 

3l«ttS*'l. 5 g/dEl>.<0ttHfc*>&, Jg#§5 
«<Dtt5c»# 7 0 %J£JLk i: v ^ -T Cixfctttt** L-Ti^ 

[0 0 3 9] urc^oT. **MOJgtt5E«tt^>/7-f 

y^, /7*^- y— , *s\y. zf 

t^S, — 'yMitWyT!)7i, ^ 

©sea* mm. &m*yhmtzz<hmmm&* 

So 

[0 0 4 0] 

[0 04 1 ] WJKWl — 5*sJ:tfH:««i-6] H£ 

— " x^f/V|(7)MM- 3 5 1 0 (2 0 OtjgBttt* : 
3 50 0—600 0) «rfflt\ TIHCO^^T^I^ 

[0 0 4 2] -rftfe*). Kffl(a»»«r«V^-C- 7 5 9mm 
H g « _b<DKsg£T, « l fc* Ufcttwifcft-Ctt**!? 

f*,^3 Omm0tt , tt|«lCttLT, ?Wi|?££t 1 8 0t-2 
OOt-C, JLfSl- 7mm«P^f>S«U 

[0043] #e>nfc**«#*«E«tt*y 7*9^ 

frfffffi Lfcte*Sr* 1 icflWrrS-r. 
[0 0 4 4] ^ib\ »*tt<oWffirtt % JteoSWcLfca* 

O tt#iaU3J:t«#ttftK*toaC)Xllff-C*5 

A 3K#^rJ|i*«*v*5JHe«t-ra 

x mw^izm&mtiffimm^ kw^t^s 

[0 0 4 5] 

[^1] 
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1~5) 5l«g»a[*S2. o g /d£Jl±, ^ffitSm 
t&s^s 7 0%«.lr.«>ttB»c4) 0 . ■f<'txtz¥tt±$:-4i LT 

CO 0 4 6] -77, &f*&mP&Vvj&-fr (tfc«S0<|l) li 
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#4. o«*i!S<0»& (it®^4) Mte. ^ixh^y 
8x.6S^ (Jt«035) -civm^ix-s^y :7w 7> 

[0 0 4 8] 



tt^ty7^7^ynt rcnfc##£iBttfc waist 

[0 0 4 9] *fc, *&m<D£&\z£tlti % -f<}\tc.J& 
4<. »*ttlcjRiti-5rfc*ST#*. 
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